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ABSORBENT MEMBERS FOR ABSORBING 
BODY LIQUIDS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of US. patent application 
Ser. No. 09/042,435, ?led Mar. 13, 1998, Which is a 
continuation-in-part of US. patent application Ser. No. 
08/721,648 (Goldman et al.), ?led Sep. 26, 1996 (now US. 
Pat. No. 5,744,506), Which is a divisional of US. patent 
application Ser. No. 08/655,041 (DesMarais et al.), ?led 
May 28, 1996 (now US. Pat. No. 5,741,581), Which is a 
divisional of US. patent application Ser. No. 08/563,866 
(DesMarais et al.), ?led Nov. 29, 1995 (now US. Pat. No. 
5,650,222), Which is a continuation of US. patent applica 
tion Ser. No. 08/370,922 (DesMarais et al.), ?led Jan. 10, 
1995 (noW abandoned). Applicants claim priority to these 
applications, pursuant to 35 U.S.C. §120. 

TECHNICAL FIELD 

This application relates to absorbent members for body 
liquids such as urine and menses. This application particu 
larly relates to absorbent members having high capillary 
suction properties. 

BACKGROUND OF THE INVENTION 

The development of highly absorbent members for use as 
disposable diapers, adult incontinence pads and briefs, and 
catamenial products such as sanitary napkins, are the subject 
of substantial commercial interest. A highly desired charac 
teristic for such products is thinness. For example, thinner 
diapers are less bulky to Wear, ?t better under clothing, and 
are less noticeable. They are also more compact in the 
package, making the diapers easier for the consumer to carry 
and store. Compactness in packaging also results in reduced 
distribution costs for the manufacturer and distributor, 
including less shelf space required in the store per diaper 
unit. 

The ability to provide thinner absorbent articles such as 
diapers has been contingent on the ability to develop rela 
tively thin absorbent cores or structures that can acquire and 
store large quantities of discharged body liquids, in particu 
lar urine. In this regard, the use of certain absorbent poly 
mers often referred to as “hydrogels,” “superabsorbents” or 
“hydrocolloid” material has been particularly important. 
See, for example. US. Pat. No. 3,699,103 (Harper et al.), 
issued Jun. 13, 1972, and US. Pat. No. 3,670,731 (Harmon), 
issued Jun. 20, 1972, that disclose the use of such absorbent 
polymers (hereafter referred to as “hydrogel-forming absor 
bent polymers”) in absorbent articles. Indeed, the develop 
ment of thinner diapers has been the direct consequence of 
thinner absorbent cores that take advantage of the ability of 
these hydrogel-forming absorbent polymers to absorb large 
quantities of discharged body liquids, typically When used in 
combination With a ?brous matrix. See, for example, US. 
Pat. No. 4,673,402 (Weisman et al.), issued June 16, 1987 
and US. Pat. 4,935,022 (Lash et al.), issued Jun. 19, 1990, 
that disclose dual-layer core structures comprising a ?brous 
matrix and hydrogel-forming absorbent polymers useful in 
fashioning thin, compact, nonbulky diapers. See also, US. 
Pat. No. 5,562,646 (Goldman et al.), issued Oct. 8, 1996 and 
US. Pat. No. 5,599,335 (Goldman et al.), issued Feb. 4, 
1997, both of Which relate to absorbent cores comprising 
regions of high concentrations of hydrogel-forming 
polymer, Where the polymer forms a gel-continuous liquid 
transportation Zone upon sWelling. 
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2 
In addition to the use of hydrogel-forming absorbent 

polymers as the primary component in absorbent article 
storage structures, the use of polymeric foam materials 
derived from high internal phase Water-in-oil emulsions 
(“HIPEs”) has been identi?ed. See, e.g., US. Pat. No. . 
5,260,345 (DesMarais et al.), issued Nov. 9, 1993, US. Pat. 
No. 5,387,207 (Dyer et al.) issued Feb. 7, 1995, and US. 
Pat. No. 5,560,222 (DesMarais et al.), issued Jul. 22, 1997. 
The foam materials, particularly those designed to function 
as liquid storage/redistribution components, provide several 
advantages over storage structures comprising hydrogel 
forming absorbent polymers in a ?brous matrix, including 
good Wicking and liquid distribution characteristics, high 
storage capacity under pressure, ?exibility, etc. 
The primary focus of prior Work in both the hydrogel 

forming absorbent polymer and HIPE foam areas has been 
the maximiZation of liquid storage capacity in a relatively 
thin material. Hydrogel-forming absorbent polymer materi 
als absorb liquid and provide leakage protection and dryness 
in absorbent products. Once absorbed, the liquid in absor 
bent polymers is tightly held by osmotic forces, Which helps 
prevent reWet of the topsheet by previously absorbed urine. 
HoWever, hydrogel-forming polymer by itself has little 
ability to absorb liquid if the liquid is not delivered to its 
surface. This is especially critical at high capillary heights 
Where the liquid is present only in small capillaries. For 
example, conventional softWood pulp exhibits almost no 
uptake at capillary suction heights of 10 cm. It is not 
surprising, then, that a mixture of pulp and hydrogel 
forming polymer exhibits almost no uptake at 100 cm. Thus, 
in spite of the advancements made to achieve the goal of 
high liquid storage capacity in thin materials, there is a 
continuing need to provide high storage capacity materials 
that also exhibit high capillary suction capabilities. Storage 
materials Which exhibit high capillary suction capacity Will 
alloW the deWatering of other absorbent core materials such 
as acquisition and distribution materials, one or both of 
Which are typically included in absorbent cores of absorbent 
articles. By thoroughly deWatering these other absorbent 
core components, those materials Will be better able to 
handle additional insults of liquid by the Wearer. In addition 
to high capillary suction capacities in general, a particularly 
desirable property is the ability to provide such capacities at 
relatively high capillary suction heights. Movement of liquid 
from the discharge region (i.e., the crotch region of the 
article) to the front and rear of the article may provide 
enhanced Wearer comfort When the article is Wetted With 
liquid. As is clear, the ability of a storage material to deWater 
other core components, particularly the distribution material 
that Wicks liquid to high capillary heights, is particularly 
relevant to their functioning as absorbent materials in absor 
bent articles. 

Accordingly, it Would be desirable to be able to provide 
a storage absorbent member having a high capillary suction 
capacity, Wherein the storage absorbent member comprises 
hydrogel-forming absorbent polymer or another material 
that absorbs liquids primarily as a result of osmotic forces. 

SUMMARY OF THE INVENTION 

The present invention relates to absorbent members useful 
in the containment (e.g., storage) of body liquids such as 
urine. These storage absorbent members have a high capil 
lary suction capacity. For purposes of the present disclosure, 
capillary suction capacity is measured in terms of the 
member’s ability to uptake liquid at relatively high capillary 
pressures, Which are generally encountered When the mem 
ber is positioned in an absorbent article. In particular, 
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capillary suction capacity is measured in terms of a mem 
ber’s capillary sorption absorbent capacity, Which is mea 
sured in accordance With the Capillary Sorption method 
described in the Test Methods section beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 of the draWings is a bloWn-apart vieW of a diaper 
having an absorbent core Which comprises a high capillary 
suction capacity storage absorbent member of the present 
invention. 

FIG. 2a of the draWings is a bloWn-apart vieW of a 
representative multi-layer core for inclusion in a diaper such 
as that shoWn in FIG. 1. 

FIG. 2b of the draWings is a bloWn-apart vieW of another 
representative multi-layer core for inclusion in a diaper 
shoWn such as that shoWn in FIG. 1. 

FIG. 3 is a photomicrograph (500><magni?cation) of a 
representative high surface area polymeric foam useful in 
the storage absorbent members of the present invention. 

FIG. 4 is a photomicrograph the high surface area poly 
meric foam depicted in FIG. 3, except at 1000>< 
magni?cation. 

FIG. 5 is a photomicrograph of a storage absorbent 
member of the present invention, comprising particulate 
hydrogel-forming absorbent polymer and particulate poly 
meric absorbent foam. 

FIG. 6 is a photomicrograph of a storage absorbent 
member of the present invention, comprising particulate 
hydrogel-forming absorbent polymer and high surface area 
cellulose acetate ?brets. 

FIG. 7 is a photomicrograph of a storage absorbent 
member of the present invention, comprising particulate 
hydrogel-forming absorbent polymer and high surface area 
glass micro?bers. 

FIG. 8A represents a schematic vieW of an apparatus for 
measuring capillary sorption absorbent capacity of an absor 
bent member. 

FIG. 8B represents a cross-sectional, close-up vieW of the 
glass frit shoWn generally in FIG. 8A. 

FIG. 8C represents a cross-sectional, close-up vieW of the 
cylinder/piston assembly of the glass frit shoWn in FIG. 8B. 

FIG. 8D represents a cross-sectional, close-up vieW of the 
piston aspect of the cylinder/piston assembly shoWn in FIG. 
8C. 

FIG. 9 is a schematic vieW of an apparatus for forming a 
representative storage absorbent member of the present 
invention, Where the member comprises a blend of particu 
late polymeric foam and particulate hydrogel-forming absor 
bent polymer. 

FIG. 10 is a schematic vieW of another apparatus for 
forming a representative storage absorbent member of the 
present invention. 

FIG. 11 is perspective vieW of a storage absorbent mem 
ber made using the apparatus depicted in FIG. 10. 

FIG. 12 is an expanded perspective vieW of a portion of 
the storage absorbent member depicted in FIG. 11. 

DETAILED DESCRIPTION OF THE 
INVENTION 

I. De?nitions 

As used herein, the term “body liquids” includes, but is 
not limited to, urine, menses, vaginal discharges, sWeat and 
feces. 
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As used herein, the term “absorbent core” refers to the 

component of the absorbent article that is primarily respon 
sible for liquid handling properties of the article, including 
acquiring, transporting, distributing and storing body liq 
uids. As such, the absorbent core typically does not include 
the topsheet or backsheet of the absorbent article. 

As used herein, the term “absorbent member” refers to the 
components of the absorbent core that typically provide one 
or more liquid handling properties, e.g., liquid acquisition, 
liquid distribution, liquid transportation, liquid storage, etc. 
The absorbent member can comprise the entire absorbent 
core or only a portion of the absorbent core, i.e., the 
absorbent core can comprise one or more absorbent mem 

bers. The “storage absorbent member” is the absorbent 
member component(s) of the absorbent core that functions 
primarily to store absorbed liquids. As discussed above, the 
storage absorbent member may also function distribute 
liquid as a result of its vertical Wicking capability. 

As use herein, the term “layer” refers to an absorbent 
member Whose primary dimension is X-Y, i.e., along its 
length and Width. It should be understood that the term layer 
is not necessarily limited to single layers or sheets of 
material. Thus the layer can comprise laminates or combi 
nations of several sheets or Webs of the requisite type of 
materials. Accordingly, the term “layer” includes the terms 
“layers” and “layered.” As used herein, the term “osmotic 
absorbent” refers to a material or structure that absorbs 
solution in response to a chemical potential difference 
betWeen absorbed and non-absorbed solutions. Generally, 
this chemical potential difference arises from a higher solute 
concentration for the absorbed solution. In order to inhibit 
equaliZation of solute concentration via diffusion of solute 
species, an osmotic absorbent typically has a diffusion 
barrier that selectively inhibits the diffusion of at least one 

solute species. Examples of suitable diffusion barriers are a semi-permeable reverse-osmosis membrane, Wherein the 

membrane provides a diffusion barrier to soluble salts (e.g., 
NaCl) and (ii) a crosslinked polyelectrolyte netWork (e.g., 
used in hydrogels), Wherein the polyelectrolyte netWork 
retains dissociated counterions inside the gel as a result of 
electroneutrality considerations. Examples of osmotic 
packet or chamber absorbents are described in US. Pat. No. 
5,108,383 issued Apr. 28, 1992 to White and US. Pat. No. 
5,082,723 issued Jan. 21, 1992 to Gross et al., the disclosure 
of each of Which is incorporated herein by reference. A 
particularly preferred osmotic absorbent for use in the 
storage absorbent members of the present invention are 
hydrogel-forming absorbent polymers, Which are described 
in detail beloW. 
As used herein, the term “X-Y dimension” refers to the 

plane orthogonal to the thickness of the member, core or 
article. The X-Y dimension usually corresponds to the 
length and Width, respectively, of the member, core or 
article. 

As used herein, the terms “region(s)” or “Zone(s)” refer to 
portions or sections of the absorbent member. 
As used herein, the term “Z-dimension” refers to the 

dimension orthogonal to the length and Width of the 
member, core or article. The Z-dimension usually corre 
sponds to the thickness of the member, core or article. 

For purposes of this invention, it should also be under 
stood that the term “upper” refers to absorbent members, 
such as layers, that are nearest to the Wearer of the absorbent 
article, and typically are relatively proximate the topsheet of 
an absorbent article; conversely, the term “loWer” refers to 
absorbent members that are furthermost aWay from the 
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wearer of the absorbent article and typically are more 
proximate the backsheet. 
As used herein, the term “comprising” means various 

components, members, steps and the like can be conjointly 
employed according to the present invention. Accordingly, 
the term “comprising” encompasses the more restrictive 
terms “consisting essentially of” and “consisting of,” these 
latter, more restrictive terms having their standard meaning 
as understood in the art. 

All percentages, ratios and proportions used herein are by 
Weight unless otherWise speci?ed. 

II. Capillary Suction Properties of the Storage 
Absorbent Member 

The storage absorbent members of the present invention 
exhibit high capillary suction capacities. For purposes of the 
present disclosure, this high suction capacity is measured in 
terms of the member’s ability to uptake liquid at high 
capillary heights, Which are generally encountered When the 
member is positioned in an absorbent article. The Capillary 
Sorption Absorbent Capacity test (also referred to herein as 
the Capillary Sorption test) measures the amount of test 
liquid per gram of storage absorbent member that is taken up 
When the storage member is placed at varying heights on a 
capillary sorption apparatus. The Capillary Sorption Absor 
bent Capacity test is described in greater detail in the Test 
Methods section beloW. Capillary sorption absorbent capac 
ity data for certain materials is set forth in Table 1 beloW. In 
particular, capillary sorption absorbent capacity data are 
provided for: a storage absorbent member consisting of 
high surface area glass micro?bers and particles of 
hydrogel-forming absorbent polymer (made according to 
Example 1 beloW); (ii) a storage absorbent member consist 
ing of a high surface area polymeric foam (made according 
to Example 3 beloW); (iii) a storage absorbent member 
consisting of particles of high surface area polymeric foam 
and particles of hydrogel-forming absorbent polymer (made 
according to Example 5 beloW); and (iv) a storage absorbent 
member consisting of high surface area cellulose acetate 
?brets and particles of hydrogel-forming absorbent polymer 
(made according to Example 6 beloW). Capillary sorption 
absorbent capacity data for materials representative of the 
prior art (designated as Comparative A and Comparative B) 
are also depicted in Table 1. Prior art sample Comparative A 
Was a 5.4 cm circular-shaped structure punched from a 
member (see discussion beloW) comprising a blend of 
cellulose ?uff (Flint River Pulp from Weyerhauser Co., 
Washington), approximately 42% by Weight, and hydrogel 
forming absorbent polymer (available from Clariant GmbH, 
Frankfurt, Germany as IM 7300), approximately 58% by 
Weight. Prior art sample Comparative B is a polymeric foam 
material prepared according to US. Pat. No. 5,650,222, 
issued to DesMarais et al. 

In one aspect, the high capillary suction capacity storage 
absorbent member of the present invention has a capillary 
sorption absorbent capacity at a height of 35 cm of at least 
about 12 g/g, preferably at least about 14 g/g, more prefer 
ably at least about 20 g/g, still more preferably at least about 
27 g/g. Typically, these storage absorbent members Will have 
a capillary sorption absorbent capacity at a height of 35 cm 
of from about 12 g/g to about 60 g/g, more typically from 
about 14 g/g to about 50 g/g, more typically from about 20 
g/g to about 40 g/g. 

In another aspect, the high capillary suction capacity 
storage absorbent material has a capillary sorption absorbent 
capacity at a height of 70 cm of at least about 7 g/g, 
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6 
preferably at least about 9 g/ g, more preferably at least about 
11 g/g, still more preferably at least about 14 g/g. Typically, 
these storage absorbent members Will have a capillary 
sorption absorbent capacity at a height of 70 cm of from 
about 7 g/g to about 35 g/g, more typically from-about 9 g/g 
to about 30 g/g, still more typically from about 11 g/g to 
about 25 g/g. 

In yet another aspect, the high capillary suction capacity 
storage absorbent material has a capillary sorption absorbent 
capacity at a height of 120 cm of at least about 4 g/g, 
preferably at least about 5 g/ g, more preferably at least about 
7 g/g, still more preferably at least about 11 g/g. Typically, 
these storage absorbent members Will have a capillary 
sorption absorbent capacity at a height of 120 cm of from 
about 4 g/g to about 29 g/g, more typically from about 5 g/g 
to about 24 g/ g, still more typically from about 7 g/ g to about 
19 g/g. 

In yet another aspect, the high capillary suction capacity 
storage absorbent material has a capillary sorption absorbent 
capacity at a height of 200 cm of at least about 3 g/g, 
preferably at least about 4 g/ g, more preferably at least about 
6 g/g, still more preferably at least about 8 g/g. Typically, 
these storage absorbent members Will have a capillary 
sorption absorbent capacity at a height of 200 cm of from 
about 3 g/g to about 25 g/g, more typically from about 4 g/g 
to about 20 g/ g, still more typically from about 6 g/ g to about 
15 g/g. 
With respect to storage absorbent members comprising 

osmotic absorbents and high surface area materials, in 
addition, or alternative, to de?ning the high suction capa 
bilities of the present members in terms of capillary sorption 
absorbent capacity, particularly preferred members, eg 
those Where the high surface area material is a polymeric 
foam, may be characteriZed by the member’s ability to 
initially uptake liquid at high heights at relatively fast rates. 
High suction members that exhibit both high uptake at high 
suction and high initial effective uptake rates should provide 
superior user dryness as the extent of partitioning from other 
absorbent core members (e.g., acquisition or distribution 
materials) and its rate Will be favorably improved by the 
high suction material. For purposes of the present disclosure, 
this latter property is referred to herein as the member’s 
“initial effective uptake rate at 200 cm capillary suction 
height” (referred to herein as “initial effective uptake rate at 
200 cm”), Which is reported in units of g/g/hour. The initial 
effective uptake rate of a storage absorbent member is 
calculated by dividing the capillary suction absorbent capac 
ity at 200 cm by the time spent at 200 cm. Capillary suction 
absorbent capacity and time are readily determined using the 
Capillary Sorption method discussed in detail in the Test 
Methods section beloW. Though not a requirement, particu 
larly preferred storage absorbent members Will have an 
initial effective uptake rate at 200 cm of at least about 3 
g/g/hr, more preferably at least about 4 g/g/hr, and most 
preferably at least about 8 g/g/hr. Typically, the effective 
uptake rate at 200 cm Will be from about 3 to about 15 g/g/hr, 
more typically from about 4 to about 12 g/g/hr, still more 
typically from about 8 to about 12 g/g/hr. 
While the above minimum capillary sorption absorbent 

capacities are important to the absorbent members of the 
present invention, the members Will also preferably, though 
not necessarily, have a capillary sorption absorbent capacity 
at Zero head pressure (i.e., at 0 cm in the Capillary Sorption 
test) of at least about 15 g/g. In another preferred aspect, the 
absorbent members Will concurrently exhibit the required 
g/g uptake at at least tWo suction heights discussed above. 
That is, for example, preferred storage absorbent members 
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Will have 2 or more of the following properties: a 
capillary sorption absorbent capacity at a height of 35 cm of 
at least about 12 g/g, preferably at least about 14 g/g, more 
preferably at least about 20 g/g, still more preferably at least 
about 27 g/g; (ii) a capillary sorption absorbent capacity at 
a height of 70 cm of at least about 7 g/g, preferably at least 
about 9 g/g, more preferably at least about 11 g/g, still more 
preferably at least about 14 g/g; (iii) a capillary sorption 
absorbent capacity at a height of 120 cm of at least about 4 
g/g, preferably at least about 5 g/g, more preferably at least 
about 7 g/g, still more preferably at least about 11 g/g; (iv) 
a capillary sorption absorbent capacity at a height of 200 cm 
of at least about 3 g/g, preferably at least about 4 g/g, more 
preferably at least about 6 g/g, still more preferably at least 
about 8 g/g. 

In yet another aspect, storage absorbent members of the 
present invention can be characterized in terms of eXhibiting 
a relatively high absorbency ef?ciency (hereafter referred to 
as “capillary absorption ef?ciency”) at various heights, 
relative to the material’s capacity at Zero head pressure. 
Capillary absorption ef?ciency at a given suction height is 
determined by dividing the capillary suction absorbent 
capacity of the material at that given height by the capillary 
suction absorbent capacity of that material at Zero head 
pressure, i.e., 0 cm. In this regard, in one aspect, the 
absorbent member Will have a capillary sorption absorbent 
capacity at Zero height of at least about 15 g/g, preferably at 
least about 20 g/g, more preferably at least about 40 g/g and 
most preferably about 60 g/g, and capillary absorption 
ef?ciency at a height of 120 cm of at least about 25%, 
preferably at least about 30%, still more preferably at least 
about 40%. In another aspect, the absorbent member Will 
have a capillary sorption absorbent capacity at Zero height of 
at least about 15 g/g, preferably at least about 20 g/g, more 
preferably at least about 40 g/g and most preferably at least 
about 60 g/ g, and a capillary absorption ef?ciency at a height 
of 70 cm of at least about 30%, preferably at least about 
40%, still more preferably at least about 65%. In still another 
aspect, the absorbent member Will have a capillary sorption 
absorbent capacity at Zero height of at least about 15 g/g, 
preferably about 20 g/g, more preferably about 40 g/g and 
most preferably about 60 g/g, and a capillary absorption 
ef?ciency at a height of 35 cm of at least about 50%, 
preferably at least about 70%, still more preferably at least 
about 90%. 

In another aspect, preferred storage absorbent members of 
the present invention Will have a relatively high medium 
absorption height, Which is de?ned as the height at Which the 
member has a capillary sorption absorbent capacity that is 
50% of the capillary sorption absorbent capacity at 0 cm 
height. In this regard, preferred storage absorbent members 
Will have a capillary sorption absorbent capacity at Zero 
height of at least about 15 g/g, preferably at least about 20 
g/g, more preferably at least about 40 g/g and most prefer 
ably about 60 g/g, and a medium absorption height of at least 
about 35 cm, more preferably at least about 40 cm, still more 
preferably at least about 50 cm, most preferably at least 
about 60 cm. 

III. Components of the High Suction Storage 
Absorbent Members 

Representative materials useful in preparing the storage 
absorbent members of the present invention are described in 
detail beloW. In one preferred embodiment, the storage 
absorbent member Will be in the form of a high surface area 
hydrophilic polymeric foam. In another particularly pre 
ferred embodiment, the storage absorbent member Will be in 
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8 
the form of a high surface area hydrophilic polymeric foam 
in combination With an osmotic absorbent material (e.g., a 
hydrogel-forming absorbent polymer). In yet another 
embodiment, the storage absorbent member Will comprise a 
blend of high surface area ?bers and an osmotic absorbent 
(e.g., a hydrogel-forming absorbent polymer). 

A. High Surface Area Hydrophilic Polymeric Foams 
As indicated, high surface area hydrophilic polymeric 

foams having high capillary suction capacities may be used 
as the primary component of the storage absorbent member, 
or such foams may be used in combination With an osmotic 
absorbent material. While the foams useful as the primary 
storage material (i.e., no additional materials Which contrib 
ute signi?cant absorbent capacity are used) Will have many 
similar properties to foams that are used in combination With 
osmotic absorbents, there are certain foam properties that 
Will vary depending on the speci?c embodiment in question. 
In this regard, in the discussion of speci?c foam properties 
beloW, Where no distinction is made betWeen foams useful 
as the primary storage absorbent component and those to be 
used in combination With an osmotic absorbent, it should be 
assumed the description of that foam property is applicable 
to both embodiments. In contrast, Where different foam 
properties are applicable depending on the embodiment in 
question, descriptions for each embodiment are provided. 

To the eXtent high surface area polymeric foams useful 
herein are described in terms of their physical properties, it 
may be necessary to perform analysis on the foam in sheet 
form. Thus, insofar as a foam is used in particulate form and 
is prepared from a previously formed sheet, physical prop 
erty measurements Will be conducted on the sheet foam (i.e., 
prior to forming particulates). Where the foam is formed in 
situ into particles (or beads) during the polymeriZation 
process, a similar foam (in terms of chemical composition, 
cell siZe, W:O ratio, etc.) can be formed into sheets for the 
purpose of making such measurements. 

(1) General Polymeric Foam Characteristics 
High surface area polymeric foams useful in the high 

capillary suction storage absorbent members comprising 
osmotic absorbents (e.g., hydrogel-forming absorbent 
polymer) of the present invention are knoWn in the art. 
Particularly preferred foams for use in combination With 
osmotic absorbents are those obtained by polymeriZing a 
high internal phase Water-in-oil emulsion, such as those 
described in US. Pat. Nos. 5,387,207 and 5,650,222. Other 
particularly preferred polymeric foams Which may be used 
alone or in combination With an osmotic absorbent are 
described in detail in co-pending US. patent application Ser. 
No. 09/042,429, ?led Mar. 13, 1998 by T. DesMarais titled 
“High Suction Polymeric Foam Materials” (P&G Case 
7052) and co-pending US. Pat. No. 6,013,589, ?led Mar. 13, 
1998 by T. DesMarais et al. titled “Absorbent Materials For 
Distributing Aqueous Liquids” (P&G Case 7051), the dis 
closure of each of Which is incorporated by reference herein. 
(Speci?c preferred foams described in one or both of these 
co-pending applications are described in the Examples sec 
tion beloW.) 

Polymeric foams useful herein are those Which are rela 
tively open-celled. This means many of the individual cells 
of the foam are in unobstructed communication With adjoin 
ing cells. The cells in such relatively open-celled foam 
structures have intercellular openings or “Windows” that are 
large enough to permit ready liquid transfer from one cell to 
the other Within the foam structure. 

These relatively open-celled foam structures Will gener 
ally have a reticulated character With the individual cells 
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being de?ned by a plurality of mutually connected, three 
dimensionally branched Webs. The strands of polymeric 
material making up these branched Webs can be referred to 
as “struts.” For purposes of the present invention, a most 
preferred foam material Will have at least about 80% of the 
cells in the foam structure that are at least 1 pm in siZe in 
liquid communication With at least one adjacent cell. 

In addition to being open-celled, these polymeric foams 
are suf?ciently hydrophilic to permit the foam to absorb 
aqueous liquids. The internal surfaces of the foam structures 
are rendered hydrophilic by residual hydrophiliZing surfac 
tants left in the foam structure after polymeriZation, or by 
selected post-polymeriZation foam treatment procedures, as 
described hereafter. 

The extent to Which these polymeric foams are “hydro 
philic” can be quanti?ed by the “adhesion tension” value 
exhibited When in contact With an absorbable test liquid. The 
adhesion tension exhibited by these foams can be deter 
mined experimentally using a procedure Where Weight 
uptake of a test liquid, e.g., synthetic urine, is measured for 
a sample of knoWn dimensions and capillary suction speci?c 
surface area. Such a procedure is described in greater detail 
in the Test Methods section of US. Pat. No. 5,387,207, infra. 
Foams Which are useful high surface area materials in the 
present invention are generally those Which exhibit an 
adhesion tension value of from about 15 to about 65 dynes/ 
cm, more preferably from about 20 to about 65 dynes/cm, as 
determined by capillary absorption of synthetic urine having 
a surface tension of 65:5 dynes/cm. 

The polymeric foams useful herein are preferably pre 
pared in the form of collapsed (i.e., unexpanded), polymeric 
foams that, upon contact With aqueous liquids, absorb such 
liquids and expand When the amount absorbed loWers the 
combined capillary pressure plus con?ning pressure to 
beloW the expansion pressure (described beloW) of the foam. 
These collapsed polymeric foams are usually obtained by 
expressing the Water phase from the polymeriZed HIPE 
foam through compressive forces, and/or thermal drying 
and/or vacuum deWatering. After compression, and/or ther 
mal drying/vacuum deWatering, these polymeric foams are 
in a collapsed, or unexpanded state. 

The cellular structure of a representative collapsed HPE 
foam from Which Water has been expressed by compression 
is shoWn in the photomicrograph of FIGS. 3 and 4 of US. 
Pat. No. 5,650,222, discussed above. As shoWn in these 
?gures, the cellular structure of the foam is distorted, 
especially When compared to the expanded HIPE foam 
structures shoWn in FIGS. 1 and 2 of the ’222 patent. As can 
also be seen in FIGS. 3 and 4 of the ’222 patent, the voids 
or pores (dark areas) in the collapsed foam structure have 
been ?attened or elongated. (It is noted that the foams 
depicted in the ’222 patent are in sheet form; as discussed 
beloW, While foams in sheet forms are useful herein, in a 
preferred embodiment, the foam Will be in particulate form 
When combined With an osmotic absorbent.) The cellular 
structure of another HIPE-derived foam (in its expanded 
state) useful herein is depicted in FIGS. 3 and 4 herein. The 
preparation of this particular foam and related foams are 
described herein in Examples 2 through 4, and these very 
high surface area foams are described in more detail in 
co-pending US. patent application Ser. No. 09,042,429, 
?led Mar. 13, 1998 by T. A. DesMarais titled “High Suction 
Polymeric Foam Materials” (P&G Case 7052) and 
co-pending US. Pat. No. (6,013,589, , ?led Mar. 13, 1998 by 
T. A. DesMarais et al. titled “Absorbent Materials For 
Distributing Aqueous Liquids” (P&G Case 7051), the dis 
closure of each of Which is incorporated by reference herein. 
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10 
FolloWing compression and/or thermal drying/vacuum 

deWatering, the collapsed polymeric foam may reexpand 
When Wetted With aqueous liquids. Surprisingly, these poly 
meric foams remain in this collapsed, or unexpanded, state 
for signi?cant periods of time, e.g., up to at least about 1 
year. The ability of these polymeric foams to remain in this 
collapsed/unexpanded state is believed to be due to capillary 
forces, and in particular the capillary pressures developed 
Within the foam structure. As used herein, “capillary pres 
sures” refers to the pressure differential across the liquid/air 
interface due to the curvature of meniscus Within the narroW 
con?nes of the pores in the foam. [See Chatterjee, 
“Absorbency,” Textile Science and Technology Vol. 7, 1985, 
p. 36.] 

After compression, and/or thermal drying/vacuum deWa 
tering to a practicable extent, these polymeric foams have 
residual Water that includes both the Water of hydration 
associated With the hygroscopic, hydrated salt incorporated 
therein, as Well as free Water absorbed Within the foam. This 
residual Water (assisted by the hydrated salts) is believed to 
exert capillary pressures on the resulting collapsed foam 
structure. Collapsed polymeric foams of the present inven 
tion can have residual Water contents of at least about 4%, 
typically from about 4 to about 40%, by Weight of the foam 
When stored at ambient conditions of 72° F. (22° C.) and 
50% relative humidity. Preferred collapsed polymeric foams 
have residual Water contents of from about 5 to about 30% 
by Weight of the foam. 
A key parameter of these foams is their glass transition 

temperature. The Tg represents the midpoint of the transition 
betWeen the glassy and rubbery states of the polymer. Foams 
that have a higher Tg than the temperature of use can be very 
strong but Will also be rigid and potentially prone to fracture. 
Such foams also typically take a long time to recover to the 
expanded state When Wetted With aqueous liquids colder 
than the Tg of the polymer after having been stored in the 
collapsed state for prolonged periods. The desired combi 
nation of mechanical properties, speci?cally strength and 
resilience, typically necessitates a fairly selective range of 
monomer types and levels to achieve these desired proper 
ties. 

For foams useful in the present invention, the Tg should 
be as loW as possible, so long as the foam has acceptable 
strength at in-use temperatures. Accordingly, monomers are 
selected as much as possible that provide corresponding 
homopolymers having loWer Tg’s. It has been found that the 
chain length of the alkyl group on the acrylate and meth 
acrylate comonomers can be longer than Would be predicted 
from the Tg of the homologous homopolymer series. 
Speci?cally, it has been found that the homologous series of 
alkyl acrylate or methacrylate homopolymers have a mini 
mum Tg at a chain length of 8 carbon atoms. By contrast, the 
minimum Tg of the copolymers of the present invention 
occurs at a chain length of about 12 carbon atoms. (While 
the alkyl substituted styrene monomers can be used in place 
of the alkyl acrylates and methacrylates, their availability is 
currently extremely limited). 
The shape of the glass transition region of the polymer can 

also be important, i.e., Whether it is narroW or broad as a 
function of temperature. This glass transition region shape is 
particularly relevant Where the in-use temperature (usually 
ambient or body temperature) of the polymer is at or near the 
Tg. For example, a broader transition region can mean an 
incomplete transition at in-use temperatures. Typically, if the 
transition is incomplete at the in-use temperature, the poly 
mer Will evidence greater rigidity and Will be less resilient. 
Conversely, if the transition is completed at the in-use 
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temperature, then the polymer Will exhibit faster recovery 
from compression When Wetted With aqueous liquids. 
Accordingly, it is desirable to control the Tg and the breadth 
of the transition region of the polymer to achieve the desired 
mechanical properties. Generally, it is preferred that the Tg 
of the polymer be at least about 10° C. loWer than the in-use 
temperature. (The Tg and the Width of the transition region 
are derived from the loss tangent vs. temperature curve from 
a dynamic mechanical analysis (DMA) measurement, as 
described in the Test Methods section of US. Pat. No. 

5,650,222). 
(2) Vertical Hang Sorption Height 
The high surface area polymeric foams useful herein can 

be also be described in terms of their vertical hang sorption 
height (hereafter “VHSH”). The VHSH height at X % is the 
height in cm Where X % of the 0 cm capacity (or FAC) is 
retained in the foam. A typical value of importance is the 
VHSH at 90%, though in principle X may be any value. The 
most reproducible measure for VHSH is achieved at 
X=90%, Within the experience of the inventors. It Will be 
obvious to one skilled in the art that this single point value 
does not fully express the shape of the curve obtained in a 
plot of capacity vs. height. The single point hoWever serves 
as a practical point of comparison for the foams useful 
herein. In this regard, When the foams are to be used in 
combination With an osmotic absorbent, the foams Will 
typically have an equilibrium 90% VHSH of at least about 
20 cm, preferably at least about 40 cm, still more preferably 
at least about 60 cm, still more preferably at least about 70 
cm and still more preferably at least about 80 cm. Typically, 
preferred polymeric foams used in combination With an 
osmotic absorbent Will have a 90% VHSH of from about 20 
to about 90 cm, more typically from about 60 to about 90 
cm, more typically from about 70 to about 90 cm, still more 
typically from about 80 to about 90 cm. With respect to 
foams that are used alone (i.e., no osmotic absorbent is 
used), the foam Will have a 90% VHSH of at least about 60 
cm, preferably at least about 70 cm, more preferably at least 
about 80 cm. Typically, When used alone, the polymeric 
foams Will have a 90% VHSH of from about 60 to about 90 
cm, more typically from about 70 to about 90 cm, still more 
typically from about 80 to about 90 cm. 

The difference in the 90% VHSH values for foams used 
in these tWo different embodiments is due primarily to the 
fact that When the foam is used in combination With an 
osmotic absorbent, the primary bene?t provided by the foam 
is its high surface area, Which contributes to overall suction 
capacity of the member. That is, the foam functions prima 
rily as a transport medium for liquid delivery to the osmotic 
absorbent and absorbent capacity of the foam is of second 
ary importance. In contrast, When the foam is used alone, it 
must also have signi?cant absorbent capacity to compensate 
for the lack of absorbent capacity provided by the osmotic 
absorbent. In this regard, 90% VHSH is a measure of 
absorbent capacity. 

The method for measuring 90% VHSH is described in 
detail in the Test Methods section beloW. As indicated, 
Where the high surface area polymeric foam is in particulate 
form When combined With the osmotic absorbent, 90% 
VHSH is measured on the corresponding foam in sheet form 
(i.e., prior to forming particulates). Where the foam is 
formed into particles (or beads) during the polymeriZation 
process, a similar foam can be formed into sheets for 
assessing the foam’s 90% VHSH. 

(3) Capillary Suction Speci?c Surface Area 
While the high surface area materials in general have been 

described in terms of their capillary sorption absorbent 
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12 
capacity, the high surface area polymeric foams useful 
herein may also be described in terms of their capillary 
suction speci?c surface area (hereafter referred to as 
“CSSSA”). In general, CSSSA is a measure of the test 
liquid-accessible surface area of the polymeric netWork 
forming a particular foam per unit mass of the bulk foam 
material (polymer structural material plus solid residual 
material). Capillary suction speci?c surface area is deter 
mined both by the dimensions of the cellular units in the 
foam and by the density of the polymer, and is thus a Way 
of quantifying the total amount of solid surface provided by 
the foam netWork to the extent that such a surface partici 
pates in absorbency. For purposes of characteriZing the 
foams useful herein, CSSSA is measured on a sheet of the 
foam in question, even Where the foam is in particle form 
When incorporated in a storage absorbent member. 

The CSSSA of a foam is particularly relevant to Whether 
the foam Will provide the requisite capillary suction for use 
in preparing storage absorbent members of the present 
invention. This is because the capillary pressure developed 
Within the foam structure is proportional to the capillary 
suction speci?c surface area. In addition, the CSSSA is 
relevant to Whether adequate capillary pressures are devel 
oped Within the foam structure to keep it in a collapsed state 
until Wetted With aqueous liquids. Assuming other factors 
such as the foam density and adhesion tension are constant, 
this means that, as the CSSSA is increased (or decreased), 
the capillary pressure Within the foam structure also 
increases (or decreases) proportionately. 

For purposes of the present invention, CSSSA is deter 
mined by measuring the amount of capillary uptake of a loW 
surface tension liquid (e.g., ethanol) Which occurs Within a 
foam sample of a knoWn mass and dimensions. A detailed 
description of such a procedure for determining foam spe 
ci?c surface area is set forth in the Test Methods section of 
US. Pat. No. 5,387,207, Which is incorporated by reference. 
The collapsed polymeric foams of the present invention 

useful as absorbents are those that have a CSSSA of at least 
about 3 m2/g. Typically, the CSSSA is in the range from 
about 3 to about 30 m2/g, preferably from about 4 to about 
17 m2/g, most preferably from about 5 to about 15 m2/g. 
Foams having such CSSSA values (With expanded state 
densities of from about 0.010 to about 0.033 g/cc) Will 
generally possess an especially desirable balance of absor 
bent capacity, liquid-retaining and liquid-Wicking or distri 
bution characteristics for aqueous liquids such as urine. In 
addition, foams having such CSSSA can develop a suf?cient 
capillary pressure to keep the foam in a collapsed, unex 
panded state until Wetted With such aqueous liquids. 

(4) Capillary Pressures and Forces Within Foam Structure 
As discussed above, for particularly preferred collapsable 

polymeric foams, in their collapsed state the capillary pres 
sures developed Within the foam structure at least equal the 
forces exerted by the elastic recovery or modulus of the 
compressed polymer. In other Words, the capillary pressure 
necessary to keep the collapsed foam relatively thin is 
determined by the countervailing-force exerted by the com 
pressed polymeric foam as it tries to “spring back.” The 
elastic recovery tendency of polymeric foams can be esti 
mated from stress-strain experiments Where the expanded 
foam is compressed to about 1/6 (17%) of its original, 
expanded thickness and then held in this compressed state 
until a relaxed stress value is measured. Alternatively, and 
for the purposes of the present invention, the relaxed stress 
value is estimated from measurements on the polymeric 
foam in its collapsed state When in contact With aqueous 
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liquids, e.g., Water. This alternative relaxed stress value is 
hereafter referred to as the “expansion pressure” of the foam. 
The expansion pressure for collapsed polymeric foams of 
the present invention is about 50 kiloPascals (kPa) or less 
and typically from about 7 to about 40 kPa. A detailed 
description of a procedure for estimating the expansion 
pressure of foams is set forth in the Test Methods section of 
US. Pat. No 5,387,207. 

(5) Free Absorbent Capacity 
Another relevant property of the high surface area poly 

meric foams useful in the present invention is their free 
absorbent capacity. “Free absorbent capacity” (or “FAC”) is 
the total amount of test liquid (synthetic urine) Which a given 
foam sample Will absorb into its cellular structure per unit 
mass of solid material in the sample. To be especially useful 
in the storage absorbent members of the present invention, 
the polymeric foams should have a free absorbent capacity 
of from about 30 to about 100 mL, preferably from about 30 
to about 75 mL of synthetic urine per gram of dry foam 
material. The procedure for determining the free absorbent 
capacity of the foam is described hereafter in the Test 
Methods section of US. Pat. No. 5,650,222. 

(6) Expansion Factor 
Upon exposure to aqueous liquids, preferred collapsed 

polymeric foams absorb the liquids and expand. The poly 
meric foams, in their expanded state, absorb more liquid 
than most other foams. The “expansion factor” for these 
foams is at least about 4x, i.e. the thickness of the foam in 
its expanded state is at least about 4 times the thickness of 
the foam in its collapsed state. The collapsed foams prefer 
ably have an expansion factor in the range of from about 4x 
to about 15x, more preferably from about 5x to about 10x. 

For the purposes of the present invention, the relationship 
betWeen expanded and collapsed thickness for compres 
sively deWatered foams can be empirically predicted from 
the folloWing equation: 

thickness?xpmded=thicknesscollapsedx((0.133XW'O ratio):2) 

Where: 

thicknessexpanded is the thickness of the foam in its 
expanded state; 

thicknesscollapsed is the thickness of the foam in its col 
lapsed state; 

and W:O ratio is the Water-to-oil ratio of the HIPE from 
Which the foam is made. Thus, a typical polymeric 
foam made from an emulsion With a Water-to-oil ratio 
of 60:1 Would have a predicted expansion factor of 8.0, 
i.e., an expanded thickness 8 times the collapsed thick 
ness of the foam. The procedure for measuring the 
expansion factor is described hereafter in the Test 
Methods section of Us. Pat. No. 5,650,222. 

(7) Resistance to Compression De?ection 
A relevant mechanical feature of the high surface area 

polymeric foams useful in the present invention is their 
strength in their expanded state, as determined by resistance 
to compression de?ection (RTCD). The RTCD exhibited by 
the foams herein is a function of the polymer modulus, as 
Well as the density and structure of the foam netWork. The 
polymer modulus is, in turn, determined by: a) the polymer 
composition; b) the conditions under Which the foam is 
polymeriZed (for example, the completeness of polymeriZa 
tion obtained, speci?cally With respect to crosslinking); and 
c) the extent to Which the polymer is plasticiZed by residual 
material, e.g., emulsi?ers, left in the foam structure after 
processing. 
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To be useful as the high surface area portion of the 

absorbent members of the present invention, the polymeric 
foams should be suitably resistant to deformation or com 
pression by forces encountered in use. Foams Which do not 
possess suf?cient foam strength in terms of RTCD may 
provide the requisite capillary suction capacity under 
no-load conditions but Will not provide those capacities 
under the compressive stress caused by the motion and 
activity of the user of the absorbent articles that contain the 
foam. 
The RTCD exhibited by the polymeric foams useful in the 

present invention can be quanti?ed by determining the 
amount of strain produced in a sample of saturated foam 
held under a certain con?ning pressure for a speci?ed 
temperature and period of time. The method for carrying out 
this particular type of test is described hereafter in the Test 
Methods section of US. Pat. No. 5,650,222. Foams useful 
herein Will preferably exhibit a RTCD such that a con?ning 
pressure of 5.1 kPa produces a strain of typically about 90% 
or less compression of the foam structure When it has been 
saturated to its free absorbent capacity With synthetic urine 
having a surface tension of 65:5 dynes/cm. Preferably the 
strain produced under such conditions Will be in the range 
from about 1 to about 90%, more preferably from about 1 to 
about 25%, still more preferably from about 2 to about 10%, 
still more preferably from about 2 to about 5%. 

(8) Other Properties of Polymeric Foam 
Foam cells, and especially cells that are formed by 

polymeriZing a monomer-containing oil phase that sur 
rounds relatively monomer-free Water-phase droplets, Will 
frequently be substantially spherical in shape. The siZe or 
“diameter” of such spherical cells is a commonly used 
parameter for characterizing foams in general. Since cells in 
a given sample of polymeric foam Will not necessarily be of 
approximately the same siZe, an average cell siZe, i.e., 
average cell diameter, Will often be speci?ed. 
A number of techniques are available for determining the 

average cell siZe of foams. The most useful technique, 
hoWever, for determining cell siZe in foams involves a 
simple measurement based on the scanning electron photo 
micrograph of a foam sample. 
The cell siZe measurements given herein are based on the 

number average cell siZe of the foam in its expanded state, 
e.g., as shoWn in FIG. 1 of US. Pat. No. 5,650,222. The 
foams useful in accordance With the present invention Will 
preferably have a number average cell siZe of about 80 pm 
or less, and typically from about 5 to about 50 pm. 
“Foam density” (i.e., in grams of foam per cubic centi 

meter of foam volume in air) is speci?ed herein on a dry 
basis. The amount of absorbed Water-soluble residual 
materials, e.g., residual salts and liquid left in the foam, for 
example, after HIPE polymeriZation, Washing and/or 
hydrophiliZation, is disregarded in calculating and express 
ing foam density. Foam density does include, hoWever, other 
Water-insoluble residual materials such as emulsi?ers 
present in the polymeriZed foam. Such residual materials 
can, in fact, contribute signi?cant mass to the foam material. 
Any suitable gravimetric procedure that Will provide a 

determination of mass of solid foam material per unit 
volume of foam structure can be used to measure foam 
density. For example, an ASTM gravimetric procedure 
described more fully in the Test Methods section of US. Pat. 
No. 5,387,207 (Dyer et al.) issued Feb. 7, 1995, supra, is one 
method that can be employed for density determination. In 
their collapsed state, polymeric foams useful in the present 
invention have dry basis density values (exclusive of any 
residual salts and or Water) in the range of from about 0.1 to 
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about 0.2 g/cc, preferably from about 0.11 to about 0.19 
g/cc, and most preferably from about 0.12 to about 0.17 g/cc. 
In their expanded state, polymeric foams useful herein Will 
have dry basis density values in the range of from about 0.01 
to about 0.033 g/cc, preferably from about 0.013 to about 
0.033 g/cc. 

Vertical Wicking, i.e., liquid Wicking in a direction oppo 
site from gravitational force, is a desirable performance 
attribute for polymeric foams useful herein. For the purposes 
of this invention, vertical Wicking rate is re?ective of the 
permeability of the material, and thus, the ability of the 
material to deliver liquid to the hydrogel-forming absorbent 
polymer or other osmotic absorbent. 

Vertical Wicking rate is determined by measuring the time 
taken for a colored test liquid (e.g., synthetic urine) in a 
reservoir to Wick a vertical distance of 5 cm through a test 
strip of foam of speci?ed siZe. The vertical Wicking proce 
dure is described in greater detail in the Test Methods 
section of U.S. Pat. No. 5,387,207, but is performed at 31° 
C., instead of 37° C. To be especially useful in absorbent 
members for absorbing urine, the foams useful herein Will 
preferably Wick synthetic urine (65+5 dynes/cm) to a height 
of 5 cm in no more than about 15 minutes. More preferably, 
the preferred foam absorbents of the present invention Wick 
synthetic urine to a height of 5 cm in no more than about 10 
minutes. 

The vertical Wicking absorbent capacity test measures the 
amount of test liquid per gram of absorbent foam that is held 
Within each one in. (2.54 cm) vertical section of the same 
standard siZe foam sample used in the vertical Wicking test. 
Such a determination is generally made after the sample has 
been alloWed to vertically Wick test liquid to equilibrium 
(e.g., after about 18 hours). Like the vertical Wicking test, 
the vertical Wicking absorbent capacity test is described in 
greater detail in the Test Methods section of U.S. Pat. No. 
5,387,207 (Dyer et al.) issued Feb. 7, 1995, supra. High 
vertical Wicking absorbent capacities at high heights are 
theoretically equivalent to high capillary sorption absorbent 
capacities at high heights. Since the sheet form of the foams 
useful herein is amenable to the former test and the former 
test is more easily and cheaply performed, the data from the 
former test are recommended as the means of characteriZing 
this important parameter of the foams of this invention. 

While high capillary suction foams may be in sheet form 
When combined With osmotic absorbent (e.g., hydrogel 
forming absorbent polymer), in a particularly preferred 
embodiment, the polymeric foam Will be in particle form 
and Will be miXed With particles of hydrogel-forming poly 
mer to provide a blend. That is, While the foam may initially 
be prepared in sheet form, these sheets may be processed to 
provide particles of foam Which are then combined With the 
hydrogelling polymer. As discussed above, the foams useful 
herein, and processes for their preparation, are described in 
great detail in U.S. Pat. Nos. 5,387,207, 5,650,222, 
co-pending U.S. patent application Ser. No. 09/042,429, 
?led Mar. 13, 1998 by T. A. DesMarais titled “High Suction 
Polymeric Foam Materials” (P&G Case 7052) and 
co-pending U.S. patent application Ser. No. 6,013,589, ?led 
Mar. 13, 1998 by T. A. DesMarais et al. titled “Absorbent 
Materials For Distributing Aqueous Liquids” (P&G Case 
7051). Foam particles may be prepared by ?rst forming a 
sheet of foam per the teachings of these references, folloWed 
by mechanical processing the foam to provide particles (e.g., 
pulveriZing, cutting, chopping, etc.) of the desired dimen 
sion. Alternatively, foam particles may be prepared directly 
from emulsion in the form of polymeric microbeads, as 
described in U.S. Pat. No. 5,653,922, issued Aug. 5, 1997 to 
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Li et al., and U.S. Pat. No. 5,583,162, issued Dec. 10, 1996 
to Li et al., the disclosure of each of Which is incorporated 
by reference herein. Speci?c embodiments for making poly 
mer foam/hydrogel-forming polymer blends are discussed in 
more detail beloW. 

Applicants have also found that the high surface area 
foams, When used as a transport medium for ?uid delivery 
to an osmotic absorbent, may optionally comprise a ?uid so 
as to provide increased transfer of urine or other body ?uids 
to the osmotic absorbent of the storage absorbent member. 
The pre-Wetting ?uid partially ?lls the polymeric foam and, 
Without Wishing to be held to a particular theory, increases 
the uptake rate of the foam. Ideally, polymeric foam com 
prising pre-Wetting ?uid(s) should be shelf stable, With 
suf?ciently loW Water activity to prevent microbial groWth 
and prevent evaporative Water loss and not migrate out of the 
foam over time. Water can be used as a pre-Wetting ?uid to 
provide the absorption performance but may not by itself 
meet the other requirements. 

B. Storage Absorbent Members Comprising Osmotic 
Absorbent and High Surface Area Materials 
As indicated above, in one embodiment, the storage 

absorbent members of the present invention Will comprise 
an osmotic absorbent, for eXample a hydrogel-forming 
absorbent polymer, and a high surface area material that 
facilitates transport of body ?uids to the osmotic absorbent. 
In one such embodiment, the high surface area material Will 
be in the form of a high surface area hydrophilic polymeric 
foam discussed above. Other representative materials useful 
in preparing the storage absorbent members of the present 
invention are high surface area ?bers, Which are described in 
detail beloW. While other osmotic absorbents may be used in 
the storage members, hydrogel-forming absorbent polymers 
are preferred. As such, these materials are described in 
detail. 
1. Hydrogel-Forming Absorbent Polymers 

a. Chemical Composition 
In one preferred embodiment, the storage absorbent mem 

bers of the present invention Will comprise at least one 
hydrogel-forming absorbent polymer (also referred to as 
hydrogel-forming polymer). Hydrogel-forming polymers 
useful in the present invention include a variety of Water 
insoluble, but Water-sWellable polymers capable of absorb 
ing large quantities of liquids. Such hydrogel-forming poly 
mers are Well knoWn in the art and any of these materials are 
useful in the high capillary suction absorbent members of 
the present invention. 

Hydrogel-forming absorbent polymers materials are also 
commonly referred to as “hydrocolloids,” or “superabsor 
bent” materials and can include polysaccharides such as 
carboXymethyl starch, carboXymethyl cellulose, and 
hydroXypropyl cellulose; nonionic types such as polyvinyl 
alcohol, and polyvinyl ethers; cationic types such as poly 
vinyl pyridine, polyvinyl morpholinione, and N,N 
dimethylaminoethyl or N,N-diethylaminopropyl acrylates 
and methacrylates, and the respective quaternary salts 
thereof. Typically, hydrogel-forming absorbent polymers 
useful in the present invention have a multiplicity of anionic, 
functional groups, such as sulfonic acid, and more typically 
carboXy, groups. Examples of polymers suitable for use 
herein include those Which are prepared from 
polymeriZable, unsaturated, acid-containing monomers. 
Thus, such monomers include the ole?nically unsaturated 
acids and anhydrides that contain at least one carbon to 
carbon ole?nic double bond. More speci?cally, these mono 
mers can be selected from ole?nically unsaturated carboXy 
lic acids and acid anhydrides, ole?nically unsaturated sul 
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fonic acids, and mixtures thereof. As indicated above, the 
nature of the hydrogel-forming absorbent polymer is not 
critical to the members of the present invention. 
Nonetheless, the selection of the optimal polymeric material 
may enhance the performance characteristics of the present 
members. The disclosure that folloWs describes preferred 
properties of the absorbent polymers useful herein. These 
properties should not be interpreted as limitations; rather, 
they merely indicate the progression that has occurred in the 
absorbent polymer art over the past several years. 
Some non-acid monomers can also be included, usually in 

minor amounts, in preparing the hydrogel-forming absor 
bent polymers herein. Such non-acid monomers can include, 
for example, the Water-soluble or Water-dispersible esters of 
the acid-containing monomers, as Well as monomers that 
contain no carboxylic or sulfonic acid groups at all. Optional 
non-acid monomers can thus include monomers containing 
the folloWing types of functional groups: carboxylic acid or 
sulfonic acid esters, hydroxyl groups, amide-groups, amino 
groups, nitrile groups, quaternary ammonium salt groups, 
aryl groups (e.g., phenyl groups, such as those derived from 
styrene monomer). These non-acid monomers are Well 
knoWn materials and are described in greater detail, for 
example, in US. Pat. No. 4,076,663 (Masuda et al.), issued 
Feb. 28, 1978, and in US. Pat. No. 4,062,817 (Westerman), 
issued Dec. 13, 1977, both of Which are incorporated by 
reference. 

Ole?nically unsaturated carboxylic acid and carboxylic 
acid anhydride monomers include the acrylic acids typi?ed 
by acrylic acid itself, methacrylic acid, ethacrylic acid, 
ot-chloroacrylic acid, a-cyanoacrylic acid, [3-methylacrylic 
acid (crotonic acid), ot-phenylacrylic acid, 
[3-acryloxypropionic acid, sorbic acid, ot-chlorosorbic acid, 
angelic acid, cinnamic acid, p-chlorocinnamic acid, 
[3-sterylacrylic acid, itaconic acid, citroconic acid, mesa 
conic acid, glutaconic acid, aconitic acid, maleic acid, 
fumaric acid, tricarboxyethylene and maleic acid anhydride. 

Ole?nically unsaturated sulfonic acid monomers include 
aliphatic or aromatic vinyl sulfonic acids such as vinylsul 
fonic acid, allyl sulfonic acid, vinyl toluene sulfonic acid 
and styrene sulfonic acid; acrylic and methacrylic sulfonic 
acid such as sulfoethyl acrylate, sulfoethyl methacrylate, 
sulfopropyl acrylate, sulfopropyl methacrylate, 2-hydroxy 
3-methacryloxypropyl sulfonic acid and 2-acrylamide-2 
methylpropane sulfonic acid. 

Preferred hydrogel-forming absorbent polymers for use in 
the present invention contain carboxy groups. These poly 
mers include hydrolyZed starch-acrylonitrile graft 
copolymers, partially neutraliZed hydrolyZed starch 
acrylonitrile graft copolymers, starch-acrylic acid graft 
copolymers, partially neutraliZed starch-acrylic acid graft 
copolymers, saponi?ed vinyl acetate-acrylic ester 
copolymers, hydrolyZed acrylonitrile or acrylamide 
copolymers, slightly netWork crosslinked polymers of any of 
the foregoing copolymers, partially neutraliZed polyacrylic 
acid, and slightly netWork crosslinked polymers of partially 
neutraliZed polyacrylic acid. These polymers can be used 
either solely or in the form of a mixture of tWo or more 
different polymers. Examples of these polymer materials are 
disclosed in US. Pat. Nos. 3,661,875, 4,076,663, 4,093,776, 
4,666,983, and 4,734,478. 

Most preferred polymer materials for use in making the 
hydrogel-forming absorbent polymers are slightly netWork 
crosslinked polymers of partially neutraliZed polyacrylic 
acids and starch derivatives thereof. Most preferably, the 
hydrogel-forming absorbent polymers comprise from about 
50 to about 95%, preferably about 75%, neutraliZed, slightly 
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netWork crosslinked, polyacrylic acid (i.e., poly (sodium 
acrylate/acrylic acid)). Network crosslinking renders the 
polymer substantially Water-insoluble and, in part, deter 
mines the absorptive capacity and extractable polymer con 
tent characteristics of the hydrogel-forming absorbent poly 
mers. Processes for netWork crosslinking these polymers 
and typical netWork crosslinking agents are described in 
greater detail in US. Pat. No. 4,076,663. 

While the hydrogel-forming absorbent polymer is prefer 
ably of one type (i.e., homogeneous), mixtures of polymers 
can also be used in the present invention. For example, 
mixtures of starch-acrylic acid graft copolymers and slightly 
netWork crosslinked polymers of partially neutraliZed poly 
acrylic acid can be used in the present invention. 
The hydrogel-forming polymer component may also be in 

the form of a mixed-bed ion-exchange composition com 
prising a cation-exchange hydrogel-forming absorbent poly 
mer and an anion-exchange hydrogel-forming absorbent 
polymer. Such mixed-bed ion-exchange, compositions are 
described in, e.g., US. patent application Ser. No. 09/003, 
565, ?led Jan. 7, 1998 by Hird, et al. (P&G Case 6975— 
titled “Absorbent Polymer Compositions Having High Sorp 
tion Capacities Under An Applied Pressure”); US. patent 
application Ser. No. 09/003,905, Jan. 7, 1998 by Ashraf, et 
al. (P&G Case 6976—titled “Absorbent Polymer Composi 
tions With High Sorption Capacity And High Fluid Perme 
ability Under An Applied Pressure”); and US. patent appli 
cation Ser. No. 09/003,918, ?led Jan. 7, 1998 by Ashraf, et 
al. (P&G Case 6977—titled “Absorbent Polymer Composi 
tions Having High Sorption Capacities Under An Applied 
Pressure And Improved Integrity in the SWollen State”); the 
disclosure of each of Which is incorporated herein by 
reference. 
The hydrogel-forming absorbent polymers useful in the 

present invention can have a siZe, shape and/or morphology 
varying over a Wide range. These polymers can be in the 
form of particles that do not have a large ratio of greatest 
dimension to smallest dimension (e.g., granules, 
pulverulents, interparticle aggregates, interparticle 
crosslinked aggregates, and the like) and can be in the form 
of ?bers, sheets, ?lms, foams, ?akes and the like. The 
hydrogel-forming absorbent polymers can also comprise 
mixtures With loW levels of one or more additives, such as 

for example poWdered silica, surfactants, glue, binders, and 
the like. The components in this mixture can be physically 
and/or chemically associated in a form such that the 
hydrogel-forming polymer component and the non 
hydrogel-forming polymer additive are not readily physi 
cally separable. 
The hydrogel-forming absorbent polymers can be essen 

tially non-porous (i.e., no internal porosity) or have substan 
tial internal porosity. 

For particles as described above, particle siZe is de?ned as 
the dimension determined by sieve siZe analysis. Thus, for 
example, a particle that is retained on a USA. Standard 
Testing Sieve With 710 micron openings (e.g., No. 25 US. 
Series Alternate Sieve Designation) is considered to have a 
siZe greater than 710 microns; a particle that passes through 
a sieve With 710 micron openings and is retained on a sieve 
With 500 micron openings (e. g., No. 35 US. Series Alternate 
Sieve Designation) is considered to have a particle siZe 
betWeen 500 and 710 pm; and a particle that passes through 
a sieve With 500 micron openings is considered to have a 
siZe less than 500 pm. The mass median particle siZe of a 
given sample of hydrogel-forming absorbent polymer par 
ticles is de?ned as the particle siZe that divides the sample 
in half on a mass basis, i.e., one-half of the sample by Weight 
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Will have a particle size less than the mass median size and 
one-half of the sample Will have a particle size greater than 
the mass median size. A standard particle-size plotting 
method (Wherein the cumulative Weight percent of the 
particle sample retained on or passed through a given sieve 
size opening is plotted versus sieve size opening on prob 
ability paper) is typically used to determine mass median 
particle size When the 50% mass value does not correspond 
to the size opening of a USA. Standard Testing Sieve. 
These methods for determining particle sizes of the 
hydrogel-forming absorbent polymer particles are further 
described in US. Pat. No. 5,061,259 (Goldman et al.), 
issued Oct. 29, 1991, Which is incorporated by reference. 

For particles of hydrogel-forming absorbent polymers 
useful in the present invention, the particles Will generally 
range in size from about 1 to about 2000 pm, more prefer 
ably from about 20 to about 1000 pm. The mass median 
particle size Will generally be from about 20 to about 1500 
pm, more preferably from about 50 pm to about 1000 pm, 
and even more preferably from about 100 to about 800 pm. 
Where relatively high concentrations (e.g. 40—60% or 

greater, by Weight) of hydrogel forming absorbent polymer 
are utilized in the absorbent members of the present 
invention, still other properties of the absorbent polymer 
may be relevant. In such embodiments, the materials may 
have one or more of the properties described by US. Pat. 
No. 5,562,646, issued Oct. 8, 1996 to Goldman et al. and 
US. Pat. No. 5,599,335, issued Feb. 4, 1997 to Goldman et 
al., the disclosure of each of Which is incorporated by 
reference herein. 

b. Methods for Making 
The basic hydrogel-forming absorbent polymer can be 

formed in any conventional manner. Typical and preferred 
processes for producing these polymers are described in 
US. Reissue Pat. No. 32,649 (Brandt et al.), issued Apr. 19, 
1988, US. Pat. No. 4,666,983 (Tsubakimoto et al.), issued 
May 19, 1987, and US. Pat. No. 4,625,001 (Tsubakimoto et 
al.), issued Nov. 25, 1986, all of Which are incorporated by 
reference. 

Preferred methods for forming the basic hydrogel 
forming absorbent polymer are those involving aqueous 
solution or other solution polymerization methods. As 
described in the above-referenced US. Pat. Reissue No. 
32,649, aqueous solution polymerization involves the use of 
an aqueous reaction mixture to carry out polymerization. 
The aqueous reaction mixture is then subjected to polymer 
ization conditions Which are sufficient to produce in the 
mixture, substantially Water-insoluble, slightly netWork 
crosslinked polymer. The mass of polymer formed can then 
be pulverized or chopped to form individual particles. 
More speci?cally, the aqueous solution polymerization 

method for producing the hydrogel-forming absorbent poly 
mer comprises the preparation of an aqueous reaction mix 
ture in Which to carry out the polymerization. One element 
of such a reaction mixture is the acid group-containing 
monomer that Will form the “backbone” of the hydrogel 
forming absorbent polymer to be produced. The reaction 
mixture Will generally comprise about 100 parts by Weight 
of the monomer. Another component of the aqueous reaction 
mixture comprises a netWork crosslinking agent. Network 
crosslinking agents useful in forming the hydrogel-forming 
absorbent polymer according to the present invention are 
described in more detail in the above-referenced U.S. Reis 
sue Pat. No. 32,649, US. Pat. Nos. 4,666,983, and 4,625, 
001. The netWork crosslinking agent Will generally be 
present in the aqueous reaction mixture in an amount of from 
about 0.001 mole percent to about 5 mole percent based on 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 
the total moles of monomer present in the aqueous mixture 
(about 0.01 to about 20 parts by Weight, based on 100 parts 
by Weight of the monomer). An optional component of the 
aqueous reaction mixture comprises a free radical initiator 
including, for example, peroxygen compounds such as 
sodium, potassium, and ammonium persulfates, caprylyl 
peroxide, benzoyl peroxide, hydrogen peroxide, cumene 
hydroperoxides, tertiary butyl diperphthalate, tertiary butyl 
perbenzoate, sodium peracetate, sodium percarbonate, and 
the like. Other optional components of the aqueous reaction 
mixture comprise the various non-acidic co-monomers, 
including esters of the essential unsaturated acidic functional 
group-containing monomers or other co-monomers contain 
ing no carboxylic or sulfonic acid functionalities at all. 
The aqueous reaction mixture is subjected to polymeriza 

tion conditions Which are sufficient to produce in the mixture 
substantially Water-insoluble, but Water-sWellable, 
hydrogel-forming absorbent slightly netWork crosslinked 
polymers. The polymerization conditions are also discussed 
in more detail in the three above-referenced patents. Such 
polymerization conditions generally involve heating 
(thermal activation techniques) to a polymerization tempera 
ture from about 00 to about 100° C., more preferably from 
about 5° to about 40° C. Polymerization conditions under 
Which the aqueous reaction mixture is maintained can also 
include, for example, subjecting the reaction mixture, or 
portions thereof, to any conventional form of polymerization 
activating irradiation. Radioactive, electronic, ultraviolet, or 
electromagnetic radiation are alternative conventional poly 
merization techniques. 
The acid functional groups of the hydrogel-forming 

absorbent polymer formed in the aqueous reaction mixture 
are also preferably neutralized. Neutralization can be carried 
out in any conventional manner that results in at least about 
25 mole percent, and more preferably at least about 50 mole 
percent, of the total monomer utilized to form the polymer 
being acid group-containing monomers that are neutralized 
With a salt-forming cation. Such salt-forming cations 
include, for example, alkali metals, ammonium, substituted 
ammonium and amines as discussed in further detail in the 
above-references U.S. Reissue Pat. No. 32,649. 
While it is preferred that the particulate versions of 

hydrogel-forming absorbent polymer be manufactured using 
an aqueous solution polymerization process, it is also pos 
sible to carry out the polymerization process using multi 
phase polymerization processing techniques such as inverse 
emulsion polymerization or inverse suspension polymeriza 
tion procedures. In the inverse emulsion polymerization or 
inverse suspension polymerization procedures, the aqueous 
reaction mixture as described before is suspended in the 
form of tiny droplets in a matrix of a Water-immiscible, inert 
organic solvent such as cyclohexane. The resultant particles 
of hydrogel-forming absorbent polymer are generally 
spherical in shape. Inverse suspension polymerization pro 
cedures are described in greater detail in US. Pat. No. 
4,340,706 (Obaysashi et al.), issued Jul. 20, 1982, US. Pat. 
No. 4,506,052 (Flesher et al.), issued Mar. 19, 1985, and 
US. Pat. No. 4,735,987 (Morita et al.), issued Apr. 5, 1988, 
all of Which are incorporated by reference. 

Surface crosslinking of the initially formed polymers is a 
preferred process for obtaining hydrogel-forming absorbent 
polymers having relatively high porosity hydrogel-layer 
(“PHL”), performance under pressure (“PUP”) capacity and 
saline ?oW conductivity (“SFC”) values, Which may be 
bene?cial in the context of the present invention. Suitable 
general methods for carrying out surface crosslinking of 
hydrogel-forming absorbent polymers according to the 
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present invention are disclosed in US. Pat. No. 4,541,871 
(Obayashi), issued Sep. 17, 1985; published PCT applica 
tion WO92/16565 (Stanley), published Oct. 1, 1992, pub 
lished PCT application WO90/08789 (Tai), published Aug. 
9, 1990; published PCT application WO93/05080 (Stanley), 
published Mar. 18, 1993; US. Pat. No. 4,824,901 
(Alexander), issued Apr. 25, 1989; US. Pat. No. 4,789,861 
(Johnson), issued Jan. 17, 1989; US. Pat. No. 4,587,308 
(Makita), issued May 6, 1986; US. Pat. No. 4,734,478 
(Tsubakimoto), issued Mar. 29, 1988; US. Pat. No. 5,164, 
459 (Kimura et al.), issued Nov. 17, 1992; published Ger 
man patent application 4,020,780 (Dahmen), published Aug. 
29, 1991; and published European patent application 509, 
708 (Gartner), published Oct. 21, 1992; all of Which are 
incorporated by reference. See also, US. Pat. No. 5,562,646 
(Goldman et al.), issued Oct. 8, 1996 and US. Pat. No. 
5,599,335 (Goldman et al.), issued Feb. 4, 1997. 

The hydrogel-forming absorbent polymer particles pre 
pared according to the present invention are typically sub 
stantially dry. The term “substantially dry” is used herein to 
mean that the particles have a liquid content, typically Water 
or other solution content, less than about 50%, preferably 
less than about 20%, more preferably less than about 10%, 
by Weight of the particles. In general, the liquid content of 
the hydrogel-forming absorbent polymer particles is in the 
range of from about 0.01% to about 5% by Weight of the 
particles. The individual particles can be dried by any 
conventional method such as by heating. Alternatively, When 
the particles are formed using an aqueous reaction mixture, 
Water can be removed from the reaction mixture by aZeo 
tropic distillation. The polymer-containing aqueous reaction 
mixture can also be treated With a deWatering solvent such 
as methanol. Combinations of these drying procedures can 
also be used. The deWatered mass of polymer can then be 
chopped or pulveriZed to form substantially dry particles of 
the hydrogel-forming absorbent polymer. 
2. High Surface Area Materials 

With respect to storage absorbent members of the present 
invention Which comprise an osmotic absorbent (for 
example, hydrogel-forming absorbent polymers), the mem 
ber Will also comprise a high surface area material. It is this 
high surface area material that provides, either itself or in 
combination With the hydrogel-forming absorbent polymer, 
the members With high capillary sorption absorbent capac 
ity. As discussed herein, high surface area materials are 
described, at least in one regard, in terms of their capillary 
sorption absorbent capacity (measured Without hydrogel 
forming polymer or any other optional material contained in 
the actual storage absorbent member, such as adhesives, 
bonding agents, etc.). It is recogniZed that materials having 
high surface areas may have uptake capacities at very high 
suction heights (e. g., 100 cm or higher). This alloWs the high 
surface area materials to provide one or both of the folloW 
ing functions: i) a capillary pathWay of liquid to the osmotic 
absorbents, and/or ii) additional absorbent capacity. Thus, 
While the high surface area materials may be described in 
terms of their surface area per Weight or volume, Applicants 
herein alternatively use capillary sorption absorbent capac 
ity to describe the high surface area material because cap 
illary sorption absorbent capacity is a performance param 
eter that generally Will provide the absorbent members of the 
present invention With the requisite suction capabilities to 
provide improved absorbent articles. It Will be recogniZed 
that certain high surface area materials, e.g. glass 
micro?bers, Will themselves not exhibit particularly high 
capillary sorption absorbent capacity at all heights, espe 
cially very high heights (e.g., 100 cm and higher). 
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Nonetheless, such materials may provide the desired capil 
lary pathWay of liquid to the hydrogel-forming absorbent 
polymer or other osmotic absorbent to provide the requisite 
capillary sorption absorbent capacities, even at relatively 
high heights, When combined With the hydrogel-forming 
polymer or other osmotic absorbents. 
Any material having suf?cient capillary sorption absor 

bent capacity When used in combination With the hydrogel 
forming absorbent polymer or other osmotic absorbent Will 
be useful in the storage absorbent members of the present 
invention. In this regard, the term “high surface area mate 
rial” refers to any material that itself (i.e., as measured 
Without the osmotic absorbent or any other optional material 
that makes up the storage absorbent member) exhibits one or 
more of the folloWing capillary sorption absorbent capaci 
ties: (I) A capillary sorption absorbent capacity at a height of 
35 cm of at least about 5 g/g, preferably at least about 8 g/g, 
more preferably at least about 12 g/g; (II) A capillary 
sorption absorbent capacity at a height of 70 cm of at least 
about 3 g/g, preferably at least about 5 g/g, more preferably 
at least about 7 g/g; (III) A capillary sorption absorbent 
capacity at a height of 120 cm of at least about 2 g/g, 
preferably at least about 3 g/ g, more preferably at least about 
4 g/g, still more preferably at least about 5 g/g; or (IV) A 
capillary sorption absorbent capacity at a height of 200 cm 
of at least about 1 g/g, preferably at least about 2 g/g, more 
preferably at least about 3 g/g, still more preferably at least 
about 5 g/g. 

In one embodiment, the high surface area material Will be 
?brous (hereafter referred to as “high surface area ?bers”) in 
character, so as to provide a ?brous Web or ?brous matrix 
When combined With the hydrogel-forming absorbent poly 
mer or other osmotic absorbent. These materials are 
described in detail beloW. Alternatively, and in a particularly 
preferred embodiment, the high surface area material Will be 
an open-celled, hydrophilic polymeric foam (hereafter 
referred to as “high surface area polymeric foams” or more 
generally as “polymeric foams”). These materials are 
described in detail above. 

High surface area ?bers useful in the present invention 
include those that are naturally occurring (modi?ed or 
unmodi?ed), as Well as synthetically made ?bers. The high 
surface area ?bers have surface areas much greater than 
?bers typically used in absorbent articles, such as Wood pulp 
?bers. The high surface area ?bers used in the present 
invention Will desirably be hydrophilic. As used herein, the 
term “hydrophilic” describes ?bers, or surfaces of ?bers, 
that are Wettable by aqueous liquids (e.g., aqueous body 
liquids) deposited on these ?bers. Hydrophilicity and Wet 
tability are typically de?ned in terms of contact angle and 
the surface tension of the liquids and solids involved. This 
is discussed in detail in the American Chemical Society 
publication entitled Contact Angle, Wettability and 
Adhesion, edited by Robert F. Gould (Copyright 1964). A 
?ber, or surface of a ?ber, is said to be Wetted by a liquid 
(i.e., hydrophilic) When either the contact angle betWeen the 
liquid and the ?ber, or its surface, is less than 90°, or When 
the liquid tends to spread spontaneously across the surface 
of the ?ber, both conditions normally co-existing. 
Conversely, a ?ber or surface is considered to be hydropho 
bic if the contact angle is greater than 90° and the liquid does 
not spread spontaneously across the surface of the ?ber. The 
hydrophilic character of the ?bers useful herein may be 
inherent in the ?bers, or the ?bers may be naturally hydro 
phobic ?bers that are treated to render them hydrophilic. 
Materials and methods for providing hydrophilic character 
to naturally hydrophobic ?bers are Well knoWn. 




































